Objectives: To evaluate the impact of European Antibiotic Awareness Day (EAAD) on antibiotic consumption, improvements in general public awareness and antibiotic resistance in Slovenia.
Introduction
The European Antibiotic Awareness Day (EAAD) was established in 2008 as a platform for providing support to national campaigns across Europe. 1, 2 The decision to establish EAAD followed successful national campaigns in Belgium and France. 3, 4 In Belgium, outpatient antibiotic use, expressed in number of reimbursed packages/1000 inhabitants/day, decreased by 36% between the winter seasons of 1997-98 and 2006-07. 3 The decrease in consumption was not evident when expressed in DDDs/1000 inhabitants/day (DIDs). In France, the national campaign was associated with a 26.5% reduction in the mean number of winter antibiotic prescriptions over the 5 years from 2002 to 2007. 4 The aim of EAAD was to raise awareness about the importance of prudent use of antibiotics among community and hospital prescribers and the general public. 1 During the first 5 years of EAAD the number of participating countries steadily increased and each country carried out at least one activity targeting the general public, primary care or hospital prescribers. 2 Slovenia has participated in EAAD activities since 2008. Activities during 2008-12 were published previously. 2 The aim of this study was to evaluate the impact of national activities on antibiotic consumption in the community and in hospitals, on improvements in general public awareness and on antibiotic resistance.
Methods

Population and hospital data
Slovenia is a small Central European country with 2064188 inhabitants according to the census of January 2016. 5 Almost all inhabitants (.99%) have compulsory health insurance. A prescription is required for each antibiotic purchase and antibiotics may only be prescribed by physicians. Slovenia has 29 hospitals, comprising 2 university hospitals, 10 general hospitals and 17 specialized hospitals; 26 hospitals are public and 3 are private. 
National EAAD activities
National EAAD activities are shown in Table 1 . National activities aimed at rational prescribing of antibiotics before 2008 were published in 2015. 6 From 2008, EAAD activities were undertaken in addition to those in previous years. For each year from 2008 to 2016, except in 2015, an article on prudent use of antibiotics was published in the official Journal of the Medical Chamber of Slovenia to highlight EAAD and increase awareness among primary care and hospital physicians. In 2008 an article devoted to EAAD was also published in the Slovenian Medical Journal. 7 Since 2011, expert conferences for the medical directors of hospitals and large primary care institutions have been organized to increase their awareness of the leading factors and outcomes of antibiotic resistance. The National Institute of Public Health (NIPH) publishes ECDC campaign materials on their web site yearly. A number of different activities targeting the general public were also organized in the period 2008-16. Each year a medical letter prepared by a member of the Intersectoral Coordination Mechanism (ICM) was circulated to all hospitals to inform the hospital doctors on prudent use of antibiotics.
Non-EAAD-associated national activities
Other activities, including restrictive, educational and regulatory/structural activities before and after 2008, were published in 2015. 6, 8 Since 1995 an annual symposium targeted at primary care and hospital care physicians has been organized by the Slovenian Society of Antimicrobial Chemotherapy with the goal of improving antimicrobial prescription. Similarly, annual courses for young physicians on prudent antibiotic use have been organized since 2010. Audits on 12 out of 29 hospitals have been conducted since 2013. Following an audit visit, hospital authorities receive recommendations for improving prudent use of antimicrobials from the Ministry of Health. In 2013, treatment guidelines for antimicrobial use in hospitals were published, with .3000 copies sold by the start of 2017, meaning that .70% of primary and hospital care physicians purchased the guidelines. 9 In the period 2013-15, expert meetings devoted to primary care physicians in four (out of nine) high-prescription regions were organized. See Table 1 .
Community and hospital antibiotic consumption data
Consumption of antibiotics in outpatient care has been monitored since 1976. Data on the number of packages, the cost of antibiotics, the age and gender of the patients, the identity numbers of the physicians and healthcare institutions prescribing antibiotics were collected. Data on the number of packages of antibiotics was provided by the NIPH of the Republic of Slovenia. Outpatient data for the period 2002-16 and antibiotic consumption data from all hospitals for 2004-16 were collected using the Anatomical Therapeutic Classification (ATC)/DDDs (WHO version 2015). 10 Outpatient antibiotic consumption data were expressed in DIDs, number of packages/ 1000 inhabitant-days (PIDs) and number of prescriptions/1000 inhabitants/year (RxIDs). Total hospital consumption was expressed in number of DIDs, number of DDDs/100 bed-days and number of DDDs/100 admissions. Departmental consumption data from university and general hospitals have been collected since 2006. The consumption in five departments was expressed as the number of DDDs/100 bed-days and number of DDDs/100 admissions. Hospital consumption data were provided by hospital pharmacists using ward dispensing records as the source data. National and regional EAAD activities have taken place yearly and involved many stakeholders.
We reviewed several special Eurobarometer reports on antimicrobial resistance commissioned by the European Commission to identify public knowledge about and attitudes to antibiotic use among the Slovenian general public.
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Statistical methods
Segmented regression analysis of interrupted time series was used to evaluate the effect of disseminating guidelines on antibiotic prescription. Publication of articles in medical journals Treatment guidelines for antimicrobial use in hospitals. 9 Cizman et al.
Two segments were defined: the pre-intervention period, lasting up to the end of 2008, and the post-intervention period. Least squares modelling was used to test for any significant change in level or trend in the time series after implementing the guidelines, with controls for any preintervention differences in level and trend. We tested for autocorrelation with the Durbin-Watson test. In case of a significant autocorrelation, robust standard errors and P values were computed by using the estimators proposed by Newey and West, 15 using the non-parametric bandwidth selection procedure of Newey and West. 16 The assumption of normally distributed residuals was verified with the Shapiro-Wilk test. The most parsimonious model was obtained by backward elimination using the Bayesian information criterion (BIC) as a criterion, including baseline trend in the model irrespective of BIC. A P value ,0.05 was considered statistically significant. The analysis was performed with R. Table 2 .
Consumption of antibiotics in the community had decreased by between 7.4% (DIDs) and 11.6% (PIDs), depending on measurement unit, in the 6 year period before EAAD was established. The number of RxIDs decreased by 11.0%. In the 8 year period from 2008 to 2016, consumption decreased by 9%-17% depending on the measurement unit. From 2002 to 2008 antibiotic consumption in ambulatory care decreased yearly by 0.276 DIDs (P " 0.008; Table 3 ). Consumption dropped by 0.686 DIDs immediately after the EAAD was established, but afterwards yearly consumption only decreased by 0.047 DIDs; there was thus a positive, but not statistically significant, change in trend after the intervention (0.229 DIDs, P " 0.072).
For the period from 2004 to 2008, hospital consumption decreased by 1.2% when expressed in DIDs and 5.7% when expressed in DDDs/100 admissions, while consumption expressed in DDDs/100 bed-days increased by 1.9% (Table 2 ). In the period 2008-16, hospital consumption showed no change when expressed in DIDs, decreased by 0.66% when expressed in DDDs/ 100 admissions and increased by 7.7% when expressed in DDDs/ 100 bed-days. The trend change, when expressed in DDDs/100 bed-days or DDDs/100 admissions, was statistically significant before the EAAD; after EAAD the trend change was small and the P value was non-significant (Table 3 ). The mean length of stay decreased in the two periods by 8.1% and 7.3%, respectively. Consumption, expressed in DDDs/100 bed-days, increased for all the departments analysed; consumption expressed in DDDs/100 admissions increased in all departments apart from internal medical and paediatric departments. In internal medical and paediatric departments the average consumption decreased by 1.4% and 4.5%, respectively, without any focused activities.
Antimicrobial resistance
The prevalence of Streptococcus pneumoniae with reduced susceptibility to penicillin was 19%, 15% and 7% in 2002, 2008 and 2016, respectively, and to macrolides 10%, 15% and 14%, respectively. In the same years, consumption of penicillins was 9.54, 9.48 and 9.29 DIDs, respectively, while that of macrolides decreased from 2.81 to 2.24 and 1.38 DIDs.
Public knowledge and attitudes to antibiotic use among the Slovenian general public between 2009 and 2016 are shown in Table 4 . Table 4 shows that a smaller percentage of patients were treated with antibiotics during the previous 12 months in 2016 than in 2009 and 2013, but public knowledge of antibiotic use and awareness about not taking antibiotics unnecessarily was lower. 
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Discussion
To our knowledge, this is the first study to analyse the impact of national EAAD activities on antibiotic consumption and resistance in the community, consumption in hospitals and public awareness of prudent use of antibiotics for systemic use. In the 8 year period after establishing EAAD a 9%-17% decrease in outpatient antibiotic consumption was recorded, which was slightly higher than in the 6 years prior to EAAD (7%-12%). Time series analysis showed that antibiotic consumption was decreasing significantly before the first EAAD and, although yearly consumption was still decreasing after 2008, the trend was smaller than before the first EAAD (Table 3 ). The described EAAD activities are not the only initiatives in the field of rational prescribing of antimicrobials and should be recognized in addition to other activities that were introduced before the first EAAD. Comparing outpatient consumption in European Union/European Economic Area (EU/EEA) countries between 2016 and 2008 showed a mean increase in antibiotic consumption of 4.3% (from 21.0 to 21.9 DIDs). Seventeen out of 25 countries decreased their consumption, but it appears that the average increase was larger than the decrease. 18, 19 In Slovenia, national activities regarding EAAD were similar to those in many EU/EEA countries. 2 We found other activities not related to EAAD, such as restrictive interventions in outpatients and regional meetings in high-prescribing regions, to be effective. 20 Regional meetings in high-prescribing areas did show a small [on average 5.7% (0.3-12.0%)] decrease in antibiotic consumption 2 or 3 years after the meeting. In Sweden, decreases in antibiotic consumption have occurred after county meetings in smaller groups. 21 Data for Belgium and France, two countries with successful pre-EAAD campaigns, showed an increase in ambulatory antibiotic consumption in France of 8.2% (28.0 versus 30.3 DIDs) and a decrease in Belgium of 0.7% (27.7 versus 27.5 DIDs). 18, 19 The decrease in hospital consumption in our country was statistically significant before the EAAD; after the first EAAD in 2008 the trend decrease, as expressed in DDDs/100 admissions, was small and the P value was close to 1. The consumption of antibiotics expressed in DDDs/100 bed-days has steadily increased, which can be explained by reduced length of stay. In contrast, the consumption expressed in DDDs/100 admissions showed a small trend of reduced antibiotic consumption, which is probably a consequence of more rational prescribing of antibiotics. Mean hospital consumption of antibiotics for systemic use in 15 EU/EEA countries has shown a decrease of 1.9% (from 2.1 to 2.06 DIDs). Trends in the consumption of antibiotics for systemic use in the hospital sector varied from one country to another and average annual changes were commonly non-significant. 18, 19 The impact of EAAD on antibiotic resistance is difficult to evaluate. Without reductions in antibiotic consumption and no improvement in infection prevention, we cannot expect a decrease in antibiotic resistance. In Slovenia, we observe lower resistance of invasive strains of S. pneumoniae to penicillin and macrolides. 22, 23 Lower resistance of S. pneumoniae to penicillin can be explained by decreased use of total antibiotics and penicillins. 24, 25 The substantial (38.4%) decrease in macrolide use was not associated with a significant decrease in resistance of S. pneumoniae, which indicates a complex relationship between the use of antibiotics and resistance. 26 Owing to the decreased use of all classes of macrolides we are looking for the clonality of S. pneumoniae. 25, 26 To decrease outpatient antibiotic consumption, additional interventions focusing on the most common prescribers and most common infectious diseases should be introduced. In Slovenia, general physicians, specialists in family medicine, paediatricians and physicians without specialization are responsible for prescribing 80% of antibiotics, with upper respiratory tract infections (URTIs) and acute bronchitis being the most common reasons for antibiotic prescription. 27 In 2017, we produced four leaflets for URTIs, covering otitis media, acute sinusitis, throat infections and acute bronchitis, which were distributed to all primary care physicians by the Health Insurance Institute in the late autumn. Pilot workshops in smaller groups with primary care physicians are being planned as part of a national strategy.
A decrease in hospital consumption is more difficult to achieve due to the greater number of physicians, larger number of different specialists and a broader spectrum of infectious diseases. 28, 29 Totally guided antibiotic prescribing by infectious diseases specialists and face-to-face communication has proved to be an effective and safe method, but it is costly and labour intensive. [30] [31] [32] More staff are urgently needed to cost-effectively conduct antibiotic stewardship programmes in hospitals. A minimum of two full-time equivalents (FTEs) of 0.5 personnel/250 beds (infectious diseases physician, pharmacist, IT specialist) is recommended by the German Society for Infectious Diseases. 33 In Slovenia's largest university hospital, one FTE is employed for 2400 beds; in the remaining hospitals the function is covered by infectious diseases specialist consultants. Computer support to control adherence to guidelines, de-escalation and appropriate antimicrobial prescriptions is needed. An alternative method could be offering incentives to general practitioners and hospitals to reduce antibiotic prescribing. 34 The special Eurobarometer report on antimicrobial resistance helps to identify improvements in public knowledge and attitudes to antibiotic use. Data from several Eurobarometer reports did not indicate increased knowledge on antibiotic use among the Slovenian general public despite many yearly national activities. [11] [12] [13] The general public should be aware that antibiotics fight bacteria, not viruses. They should be informed not to request antibiotics for illnesses that show no benefit from antibiotic treatment. Patients should follow directions for proper use of antibiotics, including completing the full course of the drug, not skipping any doses, not saving antibiotics, not taking antibiotics prescribed for someone else and talking with a healthcare professional, especially in case of uncertainty. 35 Cizman et al.
The confounding factors in development of antibiotic resistance were not evaluated, which is a limitation of the study. Non-EAADassociated national activities could be a confounder in the present study as well.
We have shown that EAAD activities were associated with decreased consumption of antibiotics in community care and with a small decrease in consumption in hospital care expressed in DDDs/100 admissions. The decrease in hospital consumption in our country was statistically significant before the EAAD due to many interventions, including structural, restrictive and educational interventions. 8 During EAAD activities, resistance of S. pneumoniae to penicillin and macrolides decreased. To improve antibiotic awareness in prescribers and the general public, repeated and targeted national activities should be intensified and new interventions should be introduced.
